Absrrucr. Twenty-three susceptible pregnant heifers were inoculated with bovine viral diarrhea virus at 150k 1 days of gestation. Seven additional heifers were inoculated between 65 and 115 days of gestation. Acute ocular lesions were seen in fetuses taken 17-21 days after inoculation of their dams at 150 days. By the fourth week, the acute lesions were beginning to resolve, and in newborn animals focal to total retinal atrophy was seen. The acute lesions were characterized by a mild to moderate retinitis that resulted in various degrees of destruction of the different layers, mononuclear cuffing of inner retinal vessels, proliferation of pigment epithelium, and choroiditis. Residually there was an absence of cellular elements in the atrophied areas of the retina, frequently a loss of layering and various numbers of pigment-containing cells. Moderately severe acute inflammation was seen in the retina of the fetus taken at 22 days after inoculation of its dam at 95 days. Ocular lesions did not occur in the other fetuses taken from heifers inoculated at earlier stages of gestation.
Congenital infection of human fetuses with rubella virus and cytomegalovirus may result in ocular lesions in addition to lesions in other tissues [14, 15, 19, 291 . Experimental viral infection of the fetuses or neonates of some laboratory animals results in the consistent production of ocular lesions [l, 2, 6, 13, 21, 26, 27] . Inoculation of lamb fetuses with blue tongue vaccine virus and newborn rats with lymphocytic choriomeningitis virus and simian virus 40 results in retinopathy [13, 21, 26, 271 . The ocular lesions observed after the inoculation of these viruses into the appropriate laboratory animal are similar in several respects. They attack the immature retina, primarily damaging either the developing neuroblastic layer or one or both of the recently formed nuclear layers. Viral infection or lesions, or both, are also observed in the pigment epithelium. Endothelial damage or perivascular mononuclear cuffing, or both [13, 21, 26] , are usually seen in the inner retina.
Residually there is retinal atrophy with or without rosette formation.
Infection of susceptible pregnant cows with bovine viral diarrhea virus may result in ocular lesions in their offspring [2, 4-6, 24, 281. This paper describes the evolution of ocular lesions in bovine fetuses after inoculation of this virus into susceptible pregnant heifers.
Materials and Methods
Twenty-three pregnant heifers with no detectable serum neutralizing antibody to bovine viral diarrhea virus were inoculated intravenously with 250 OOO TCID,, (median tissue culture infective dose) of a cytopathogenic strain (Holmes) of virus at 150+ I days of gestation. Details for preparation of the virus inoculum are given by BROWN et al. [5] . Seven additional heifers were inoculated between 65 and 115 days of gestation. Three control heifers with serum neutralizing titers to the virus were inoculated at 150+ 1 days of gestation. The fetuses of the susceptible heifers were surgically taken at sequential times after inoculation (table I) . Their eyes were examined with a direct ophthalmoscope (Vistadial Giantscope, American Optical Corp., Buffalo, N.Y.); the fetuses were then exsanguinated by intracardiac puncture. Two susceptible and one control heifers were allowed to calve normally, and the calves were clinically examined before being electrocuted. Shortly after death, one eye was fixed in Zenker's solution for 6-12 h. It was placed in 50% alcohol for 24 h and then stored in 70% alcohol. Paraffin-embedded sections were cut at 6 pm and stained with hematoxylin and eosin (HE).
Results
Gross lesions were observed only in one animal. The F45 calf taken at 140 days was almost totally blind. Ophthalmoscopic examination showed increased pigmentation bilaterally and adherence of a persistent pupillary membrane to the anterior capsule of the lens of the right eye.
The occurrence of microscopic ocular lesions in the fetuses or calves is listed in table I. Lesions were restricted to the retina and choroid. Acute inflammatory lesions occurred in fetuses taken between 17 and 21 days from dams inoculated at 150 f 1 days of gestation and in a 117-day fetus whose dam was inoculated at 95 days of gestation. Resolving or resolved lesions were seen in fetuses taken after 21 days from heifers inoculated at 150 days.
The acute lesions in two fetuses were mild. In fetus F78 taken at 17 days, small focal hemorrhages were occasionally seen in the inner nuclear layer of the nontapetal retina. A few small, subtle areas of necrosis were seen in * At cesarotomy, fetus was dead. the outer nuclear layer of the nontapetal retina of the F56 fetus taken at 21 days. They appeared as small, clear areas in which cellular debris could be seen. In one or two places, the necrosis extended to the inner nuclear layer. The acute lesions in fetuses F8974, taken at 20 days, and F02, taken 22 days after inoculation of its dam at 95 days of gestation, were considerably more severe. In both fetuses, there were various sized foci of retinitis that occurred mainly in the nontapetal retina. There was severe necrosis in the inner and outer nuclear layers of F8974 ( fig. 1 ). Pyknotic nuclei and fragmented cellular debris were prominent, and normally separated layers blended together. In such areas, the rod and cone layer was destroyed and the adjacent pigment epithelium was hypertrophied and hyperplastic. Cellular debris was intermixed with the reactive cells of the pigment epithelium. Associated with these areas of retinitis was a mononuclear inflammatory infiltrate in the inner portion of the choroid. Many of the inner retinal vessels were cuffed by mononuclear cells, most of which were undifferentiated but some of which were identifiable as lymphocytes or plasma cells. Necrosis of ganglion cells could occasionally be seen. Similar lesions were seen in the F02 fetus, in which the undifferentiated neuroblastic layer was the principal site of damage. Necrosis was not as severe as in F8974 but of sufficient severity to make the Miiller cells prominent in some areas. Perivascular cuffing did not occur in the inner retina, but there was choroidal inflammation similar to that seen in F8974. Adjacent to areas of choroidal inflammation, the pigment epithelium was reactive, and there was separation of the retina from the pigment epithelium. In areas where necrosis in the neuroblastic layer was extensive, patchy breaks were present in the external limiting membrane, and pseudorosettes were occasionally seen. In areas where inflammation was less severe, that in the retina and choroid appeared to have been the result of separate processes; however, serial sectioning of such areas showed, at greater depths, small breaks in the external limiting membrane. At such points, there was a continuation of inflammation from the neuroblastic layer to the pigment epithelium and adjacent choroid, suggesting that inflammation spread outward from the neuroblastic layer through the small breaks in the external limiting membrane to the choroid (fig. 2) .
The retinal lesions in the F55 fetus taken at 21 days were resolving. A few small focal areas of atrophy were seen in the nontapetal and tapetal retina, in which there was a focal depletion of cells in the outer and, to a lesser extent, the inner nuclear layers. Cellular debris was not evident, and there were no signs of active inflammation in the retina or choroid. However, the presence of cells containing pigment in the depleted areas attested to a prior inflammatory episode. In areas where there was a depletion of cells in the nuclear layers, the rod and cone layer was destroyed, and there was hypertrophy of the pigment epithelium.
Focal to total retinal atrophy was seen in the fetuses taken at 42 days or afterwards. With the exception of the F53 fetus taken at 70 days, active inflammation was not observed in the retina or choroid of these fetuses. In some places, cells containing pigment were present in the atrophied retinal tissues. In the F53 fetus, the entire retina was damaged, and mononuclear inflammatory cells were still numerous ( fig. 3 ). Many of the inflammatory cells were either lymphocytes or plasma cells and were aggregated in the markedly altered inner layers most abundantly around vessels. The nuclear layers had been severely damaged, and only a single layer of cells, three to four cells wide, remained in the outermost retina. Retinal atrophy was similar in the eyes of the animals taken at later stages of gestation or after birth. The nuclear layers were most noticeably damaged. In places, there was total destruction of the nuclear layers, the intervening outer plexiform layer, and the layer of rods and cones, whereas the inner retinal layers appeared more normal ( fig. 4 ). Total retinal atrophy was seen in other eyes with a loss of layering and glial scars. Few retinal folds were present in the eye of the F56a fetus taken at 120 days ( fig. 5 ). These folds were created by a detachment and infolding of the external limiting membrane and outer nuclear layer. The pigment epithelium adjacent to these areas was hypertrophied and hyperplastic.
Ocular lesions were not seen in the control fetuses nor in fetuses, other than F02, from heifers inoculated at earlier stages of gestation.
Discussion
The acute lesions seen in the bovine fetuses were similar to those seen in lambs infected in utero with bluetongue virus and in rat neonates infected with lymphocytic choriomeningitis virus or simian virus 40, in that the principal damage occurred in the neuroblastic layer or in the nuclear layers that derive from it [13,21,26,27] . Mononuclear perivascular cuffs of inner retinal vessels were common to all these viral-induced retinopathies. The cuffs were usually part of the acute lesion and were not extensive. However, in the bovine fetus taken at 70 days (F53), the retinal inflammation persisted until later in gestation than it did in the other fetuses and was more intense and the inflammatory cells better differentiated. These findings suggest a more prolonged antigenic stimulation in the eye of this fetus than in other fetuses.
Retinal inflammation of a sufficient degree to cause destruction of cells in the nuclear layers is frequently accompanied by destruction of the adjacent pigment epithelium and basilar lamina, allowing inflammation to extend to the choroid [lo] . Apparently, this is what occurred in the eyes of the bovine fetuses. When choroidal inflammation was seen, it occurred adjacent to areas of retinal inflammation, and the intervening pigment epithelium was usually reactive.
An increasing number of viruses are known or thought to be responsible for damage to retinal pigment epithelium. Maternal infections with rubella, variola, varicella, mumps, chickenpox, or influenza have been incriminated as the cause of clinically diagnosed pigmentary retinopathies in human patients with adhesions between the folds and formation of two-and three-layered tubes. These retinal changes were associated with abnormalities of the pigment epithelium that produced loss of intimate attachment between pigment epithelium and normal retina [l] . In this study, retinal folds were seen only in the eye of the F56a fetus. In contrast t o what was seen in lamb fetuses, the retina in this fetus was separated from the reactive pigment epithelium, suggesting that the loss of the organizing influence of the pigment epithelium on the retina was responsible for the development of this dysplastic lesion [26] .
The residual ocular lesions in calves whose dams were experimentally infected with the virus during gestation were more severe than the lesions in these fetuses and included lenticular lesions that we did not see [2] . The most plausible explanation for the different findings in the two studies is the different strains of viruses used. In the study reported [2] , a noncytopathogenic strain of virus was used, whereas we used a cytopathogenic strain. In support of the impression that different strains of virus may have different degrees of virulence for the bovine fetus are other studies [3, 7, 81 in which bovine fetuses were inoculated at different stages of gestation with a cytopathogenic strain of virus different from the one used in the present study. Ocular lesions were not seen [3, 7, 81 .
The significance of the absence of eye lesions in all but one of the fetuses from the heifers inoculated between 65 and 115 days of gestation is not known. Fetus F70 was dead at the time of cesarotomy, which probably explains the absence of ocular lesions.
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